A novel Gram-stain-negative, coccus to oval-shaped, non-motile bacterium, designated strain S5
T . Strain S5
T was positive for catalase and oxidase activity. C 18 : 1 !6c/C 18 : 1 !7c, C 16 : 1 !6c/C 16 : 1 !7c and C 16 : 0 were predominant fatty acids with minor amounts of C 8 : 0 3-OH, C 14 : 0 , C 16 : 0 3-OH, C 18 : 1 2-OH, C 14 : 1 !5c, C 16 : 1 !5c and C 19 : 0 cyclo !8c. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and an unidentified glycolipid were major polar lipids. Minor amounts of an unidentified amino lipid and three unidentified lipids were also detected. The G+C content of the genomic DNA was 73.5 mol%. 16S rRNA gene sequence comparisons indicated that strain S5 
, respectively. Distinct morphological, physiological and genotypic differences from previously described taxa support the classification of strain S5
T as a representative of a novel species in the genus Roseomonas, for which the name Roseomonas rubra sp. nov. is proposed. The type strain is S5 T (=KEMB 563-468 T =JCM
T ).
The genus Roseomonas belongs to the family Acetobacteraceae of the class Alphaproteobacteria of the phylum 'Proteobacteria'. Members of this genus have primarily been isolated from clinical samples such as blood, wounds and genitourinary specimens (Han et al., 2003; Subudhi et al., 2001; Bibashi et al., 2000; Sandoe et al., 1997; Rihs et al., 1993) . They have also been isolated from different environmental samples such as air (Kim et al., 2013; Yoo et al., 2008) , marine water (Venkata Ramana et al., 2010b), drinking water (Gallego et al., 2006) , water cooling system (Kim et al., 2009) , freshwater (Baik et al., 2012; Furuhata et al. 2008; Jiang et al., 2006) , deep water marine invertebrates (Sfanos et al., 2005) , soils (Dong et al., 2014; Chen et al., 2014; Kim & Ka, 2014; Zhang et al., 2008; Yoon et al., 2007) , copper-alloy coin (Lopes et al., 2011) and cyanobacterial blooms (Eiler & Bertilsson, 2004) . Strains of this genus are pigmented due to the presence of carotenoids (Ramaprasad et al., 2015; Venkata Ramana et al., 2010b) . At the time of writing, a total of 19 species and two subspecies names were given on the LPSN website (http://www. bacterio.net/roseomonas.html). In addition, three additional novel species names have been published recently in this journal, namely Roseomonas oryzae (Ramaprasad et al., 2015) , Roseomonas eburnea and Roseomonas elaeocarpi (Damtab et al., 2016) . 'Roseomonas chloroacetimidivorans' (Chu et al., 2016) 'Roseomonas aceris' (Tonouchi & Tazawa, 2014) , 'Roseomonas sediminicola' , 'Roseomonas musae' (Nutaratat et al., 2013) and 'Roseomonas tokyonensis' (Furuhata et al., 2013) Morphological properties (cell shape, cell division, cell size, motility) were observed by phase contrast microscopy (with an Olympus BX51 microscope) and transmission electron microscopy (JEM-1010; JEOL). Physiological tests such as growth at different temperatures (10, 11, 12, 15, 20, 22, 25, 28, 30, 33, 35, 37, 40, 42, 45, 48 and 50 C) , pH (using biological buffers: K 2 HPO 4 /KH 2 PO 4 buffer for pH 5-8 and NaHCO 3 /NaOH buffer for pH 9-11) and NaCl concentrations (0-7 %, w/v) were performed in Subhash's liquid medium and growth was observed after 5 days of incubation. Vitamin (biotin, niacin, p-aminobenzoic acid and vitamin B12) requirement was tested by replacing yeast extract with single and also combinations of vitamins as growth factors. Various biochemical tests such as those for hydrolysis of starch, casein, chitin, gelatin, urea, Tween 20 and Tween 80, denitrification, Voges-Proskauer, methyl red, arginine decarboxylase, lysine decarboxylase, H 2 S production, oxidase and catalase were carried out in the prescribed media as given by Cappuccino & Sherman (2008) . Utilization of organic substrates (D-glucose, D-fructose, cellobiose, maltose, L-arabinose, D-galactose, D-mannitol, L-rhamnose, raffinose, D-sorbitol, lactose, sucrose, pyruvate, aspartate and glutamate) was tested using basal medium which contained (g l (Xu et al., 2010) , and the pH was adjusted to 7.0 with 1 M NaOH. Acid production from organic carbon sources (D-glucose, D-fructose, cellobiose, maltose, D-galactose, raffinose and sucrose) was tested as described by Subhash et al. (2013b) . Sensitivity to different antibiotics was tested as described previously (Subhash et al., 2013c) . Physiological characteristics were determined with the API ZYM kit (bioM erieux) according to the instructions of the manufacturer.
The total cellular fatty acid-methyl ester profile of strain S5 T was compared with those of the type strains of closely related Roseomonas species: R. rhizosphaerae KACC 17225 T (=YW11 T ) and R. aestuarii KCTC 22692 T (=JC17 T ). The data were collected using the Sherlock Microbial Identification system (MIDI) as described previously (Sasser, 1990) . All strains were cultivated on Subhash's agar medium at 30 C for 5 days in order to achieve an equal growth stage. Polar lipid analysis was performed by using 1 g of freeze dried cells of chemoheterotrophically grown cultures as described earlier (Subhash et al., 2013b, c; Oren et al., 1996) . Quinone analysis was performed after extraction with chloroform and methanol (2 : 1) according to the methods described previously (Imhoff, 1984; . For analysis of polyamines, all the tested strains were grown in liquid medium at 30
C with shaking at 150 r.p.m. followed by freeze drying. Polyamines were extracted as described by Busse & Auling (1988) and identified by comparing the R f values with those of commercial prepared standards (Sigma Aldrich).
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C of the DNA was determined by HPLC (Mesbah et al., 1989) . Well-isolated colonies were used for 16S rRNA gene amplification by using universal primers as described by Kim et al. (2015) . The reaction mixture was analysed by using a 3730XL automated DNA sequencing system (Applied Biosystems) at Macrogen. 16S rRNA gene sequences were identified by BLAST search analysis on the EzTaxon-e server (Kim et al., 2012) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e server (Kim et al., 2012) . The program MUSCLE within MEGA 6 (Tamura et al., 2013) was used for sequence alignments and for phylogenetic analyses. Distances were calculated by using the Kimura two-parameter method (Kimura, 1980) in a pairwise deletion procedure. Neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) methods in the MEGA6 software were used to reconstruct phylogenetic trees and a combined phylogenetic tree (NJ, ML, MP) confirmed the clustering of strain S5
T with species of the genus Roseomonas (Fig. 1) . The taxonomic relationships between strain S5
T , R. rhizosphaerae KACC 17225 T (=YW11 T ) and R. aestuarii KCTC 22692 T (=JC17 T ) were further examined using DNA-DNA hybridization. Genomic relatedness was determined by DNA-DNA hybridization experiments as described by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and microdilution wells. Hybridization was performed with three replications for each sample and the mean values are quoted as DNA-DNA relatedness. Colonies of strain S5 T appeared red on Subhash's agar medium incubated under light (2400 lux) for 5 days at 30 C. Cells of strain S5 T were coccus to oval shaped and 0.7-0.8 µm in diameter (Fig. S1 , available in the online Supplementary Material). Cell division occurred by binary fission. True motility with flagella was not observed under the microscope and was also confirmed using semi-solid agar (Barker & Maxted, 1975) and hanging drop methods (Cappuccino & Sherman, 2008 (Table 1) . Strain S5 T grew using ammonium chloride as nitrogen source. Strain S5 T had no requirement for additional vitamins for growth and grew even in the absence of yeast extract (growth was observed without yeast extract even after three subcultures, incubated at 30 C for 5 days), but growth was improved with addition of yeast extract (0.01 %). Strain S5 T tolerated only up to 3.0 % (w/v) NaCl and no added NaCl was required for growth. Growth of strain S5
T occurred at pH 6.3-9.0, with an optimum pH range of 6.5-7.5. Growth optima at different conditions (temperature, NaCl and pH) indicated that strain S5
T is a mesophilic bacterium. Strain S5
T was sensitive to nalidixic acid (30 µg) but resistant to chloramphenicol (30 µg), penicillin G (30 µg) and rifampicin (30 µg).
Carotenoid composition analysis by C 18 -HPLC analysis (Venkata Ramana et al., 2010a) indicated the presence of hydroxyspirilloxanthin and two unidentified carotenoids in strain S5
T (Fig. S2 ). Whole-cell fatty acid analysis of strain S5 T revealed that C 18 : 1 !6c/C 18 : 1 !7c (58.9 %), C 16 : 0 (16.3 %) and C 16 : 1 !6c/C 16 : 1 !7c (8.3 %) were predominant components with minor amounts of C 8 : 0 3-OH (2.3 %), C 14 : 0 (1.3 %), C 16 : 0 3-OH (2.9 %), C 18 : 1 2-OH (1.7 %), C 14 : 1 !5c (1.9 %), C 16 : 1 !5c (2.5 %) and C 19 : 0 cyclo !8c (2.4 %) ( . All strains are non-motile, and positive for oxidase and catalase activity; hydrolyse casein; negative for chitin, gelatin, Tween 20 and Tween 80 hydrolysis; negative for Voges-Proskauer, methyl red, arginine decarboxylase, lysine decarboxylase, H 2 S production and nitrate reduction tests; utilize D-glucose, D-galactose, L-arabinose and pyruvate; do not utilize raffinose; positive for acid production from D-glucose, sucrose and L-arabinose; negative for acid production from raffinose; positive for esterase lipase, valine arylamidase and a-chymotrypsin activity; negative for b-glucuronidase, b-glucosidase and N-acetyl-bglucosaminidase activity. +, Present/utilized; -, absent/not utilized. Characterization of all strains was performed in this study under identical growth conditions.
Characteristic 1 2 3
Colony colour Red Dark pink Light pink Cell size (µm) 0.7-0.8 (diameter) 0.6-0.1Â1.0-1.5 0.6-1.0Â1.5-2.0 NaCl tolerance (%, w/v) 3.0 5.0 6.0 pH range 6.3-9.0 5.0-8.5 6.0-8.0 (optima) (6.5-7.5) (7-7.5) (7-7.5) Temperature range ( C) 12-45 15-40 20-40 The G+C content of the genomic DNA of strain S5 T was 73.5 mol%. The phylogenetic relationship of strain S5
T was examined based on its 16S rRNA gene sequence (1430 nt), and BLAST analysis revealed that strain S5
T is a member of the genus Roseomonas in the family Acetobacteraceae of the class Alphaproteobacteria (Fig. 1) (Tables 1 and 2 ) from its closest phylogenetic neighbours, R. rhizosphaerae YW11 T and R. aestuarii JC17 T , with respect to colony and cell morphology, organic carbon source utilization, hydrolysis of starch and urea, growth temperature range, fatty acids and polar lipid profile and relatively higher genomic DNA G+C content. Based on morphological, physiological, chemotaxonomic and genotypic differences from R. rhizosphaerae YW11 T and R. aestuarii JC17 T and other members of the genus Roseomonas, we suggest a novel species to accommodate strain S5 T , with the name Roseomonas rubra sp. nov.
Description of Roseomonas rubra sp. nov.
Roseomonas rubra (ru¢bra. L. fem. adj. rubra red).
Colonies appear red on Subhash's agar medium incubated under light (2400 lux) for 5 days. Cells are coccus to oval in shape (0.7-0.8 µm in diameter), Gram-stain-negative, nonmotile and multiply by binary fission. Mesophilic. Growth occurs at 12-45 C (optima 30-37 C) and at pH 6.3-9.0 (optima 6.5-7.5). No added NaCl is required for growth and tolerates up to 3.0 % (w/v) NaCl (optimum 0.5 %). Positive for catalase and oxidase but negative for arginine decarboxylase, lysine decarboxylase, methyl red test, VogesProskauer test and H 2 S production. Hydrolyses starch and casein but not chitin, gelatin, urea, Tween 20 or Tween 80. Nitrate is not reduced and indole is not produced from L-tryptophan. The following organic substrates are utilized:
D-sorbitol, sucrose, pyruvate and aspartate, whereas cellobiose, maltose, L-rhamnose, lactose and glutamate are not. Acid production occurs from D-glucose, D-fructose, D-galactose, sucrose and L-arabinose. Acid production does not occur from maltose, cellobiose or raffinose. Positive for esterase, leucine arylamidase, valine arylamidase, a-chymotrypsin, a-galactosidase, b-galactosidase and a-glucosidase activity but negative for alkaline phosphatase, lipase, esterase lipase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-mannosidase, afucosidase, b-glucuronidase, b-glucosidase and N-acetyl-bglucosaminidase activity. Ammonium salt is used as a good nitrogen source. Pigment formation is due to the presence of hydroxyspirilloxanthin and two unidentified carotenoids. C 18 : 1 !6c/C 18 : 1 !7c, C 16 : 1 !6c/C 16 : 1 !7c and C 16 : 0 are predominant fatty acids with minor amounts of C 8 : 0 3-OH, C 14 : 0 , C 16 : 0 3-OH, C 18 : 1 2-OH, C 14 : 1 !5c, C 16 : 1 !5c and C 19 : 0 cyclo !8c. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and an unidentified glycolipid are major polar lipids. Minor amounts of an unidentified amino lipid and three unidentified lipids are also present. Spermidine is the major polyamine.
The type strain is S5
T (=KEMB 563-468 T =JCM 31177 T ), isolated from North Carolina, USA. The G+C content of the genomic DNA of the type strain is 73.5 % (by HPLC). 
